Acetobacter tropicalis SKU1100 produces a pellicleforming capsular polysaccharide (CPS), consisting of galactose, glucose, and rhamnose. We cloned the galE gene, a UDP-galactose synthesis gene, from A. tropicalis SKU1100 by PCR. A galE-disruptant was prepared and found not to produce CPS and thus not to form a pellicle under the static condition. Instead, the ÁgalE mutant secreted an extracellular polysaccharide (EPS), which was purified and found to have a unique character, different from the original CPS.
Acetobacter tropicalis SKU1100 produces capsular polysaccharide (CPS), consisting of galactose, glucose, and rhamnose, which allow it to form a pellicle. This strain forms two types of colony on an agar plate: a rough-surfaced colony (R strain), and a mucoid smoothsurfaced colony (S strain). The R strain forms a pellicle, allowing it to float on the medium surface in static culture, but the S strain does not. In a previous study, 1) we investigated a gene cluster, polABCDE, required for pellicle formation in the R strain using transposon mutagenesis. Of the cluster, polABCD showed high homology to rfbBACD which is involved in dTDPrhamnose synthesis, while polE is a unique gene having a relatively low homology to glycosyltransferase. Disruption of polE in the R strain resulted in an S-like mutant, which lacked of CPS and did not form a pellicle in static culture. Instead, this mutant secreted extracellular polysaccharide (EPS) with the same sugar composition as the wild-type CPS into the culture medium, whereas, the ÁpolB mutant prepared in the same strain was found to lack both CPS and EPS production. 1) However, the genes responsible for the biosynthesis of UDP-galactose, another precursor of CPS production in A. tropicalis, were not found in this operon. In most Gram-negative bacteria, galactose utilization occurs by the Leloir pathway, which involves enzymes encoded by the galKTE operon.
2-4) GalE encodes UDP-galactose 4-epimerase, which catalyzes reversible conversion between UDP-galactose and UDPglucose and thus is involved in UDP-galactose formation. In this study, we cloned the galE gene of A. tropicalis SKU1100 by PCR, and constructed the galE disruptant to determine the role of UDP-galactose synthesis in the pellicle CPS of A. tropicalis.
To identify the A. tropicalis SKU1100 galE gene, an 670-bp internal fragment of this gene was obtained by PCR using degenerate primers prepared based on conserved regions alignment (ClustalW: www.ebi.ac.uk/ clustalW) of GalE sequences from several -Proteobacteria. The forward and the reverse primers were prepared based on consensus sequences ILVTGGAG and CIR-DYIHVT respectively. The 670-bp PCR product obtained was found to have a sequence encoding a protein exhibiting a high sequence homology with GalE proteins. Thereafter, in vitro cloning was employed to obtain the upstream and downstream of the PCR product, as described previously.
1) Sequence analysis of the full-length gene thus obtained revealed an open reading frame of 987-bp initiating with methionine and a potential Shine-Dalgarno sequence 12-bp upstream of this start codon. A promoter-like sequence, À35 (5 0 -TTAAGG-3 0 ) and À10 (5 0 -TAGATG-3 0 ), and an inverted repeat sequence (5 0 -GCTGAAAACCGGCCCC-TCCGGTTTTCAGC 3 0 ) that might function as a rhoindependent transcriptional terminator were found upThe GeneBank/EMBL/DDBJ accession number for the sequence reported in this paper is AB246298. y To whom correspondence should be addressed. Tel: +81-83-933-5858; Fax: +81-83-933-5859; E-mail: kazunobu@yamaguchi-u.ac.jp Abbreviations: CPS, capsular polysaccharide; EPS, extracellular polysaccharide; Km, kanamycin; TFA, trifluoroacetic acid stream and downstream of the ORF respectively (data not shown). The whole nucleotide sequence was submitted to GenBank under accession no. AB246298. Translation of the complete ORF resulted in a predicted 328-amino-acid protein with a calculated molecular mass of 35,271 Da. This protein is referred to as A. tropicalis GalE, since it exhibits a high homology to other UDP-galactose 4-epimerases (GalE).
In order to determine whether the galE gene is involved in CPS production and pellicle formation in A. tropicalis, gene disruption with a nonpolar Km r cassette was performed in the A. tropicalis R strain, as described previously.
1) The PCR product of internal galE obtained from the degenerate primers, as described above, was cloned into pUC18, and the non-polar Km r cassette 5) was introduced into the AccI site of the galE gene. The resulting plasmid was then electroporated into the R strain. Disruption of the galE gene in the mutant was confirmed by Southern hybridization (data not shown). The resulting ÁgalE strain formed a smoothsurfaced colony on agar medium and did not form a pellicle in static culture (Fig. 1) . To confirm the phenotype observed in the ÁgalE mutant, complementation analysis was carried out with pCMGalE plasmid, in which the galE gene region was amplified by PCR from SKU1100 R strain chromosomal DNA with primers 5
0 -CACCCGCCTTTGATGATGCCCGAAA-GA-3 0 and 5 0 -ATGGGCCGCAGAAAGTGAGCTTCC-TA-3 0 , and cloned into pCM62. 6) The plasmid was electroporated into the ÁgalE strain, and then transformants were obtained after 2 d of incubation. Transformants haboring pCMGalE showed a rough surface on the plate, and also formed a pellicle in static culture (Fig. 1) . The ÁgalE mutant lacked cell-attached CPS, but instead secreted EPS into the culture medium, of which the phenomena were completely recovered in the ÁgalE harboring pCMGalE (Table 1) . Based on the difference between wild and mutant strains, it was estimated that R strain produces about 13 mmol (sugar) of CPS, while ÁgalE mutant produces about 23 mmol (sugar) of EPS in 5 ml culture.
To determine the character of the EPS secreted from the ÁgalE mutant, crude polysaccharide was precipitated from the culture medium, hydrolyzed, and analyzed by TLC (Fig. 2) . The results showed that the EPS contained glucose and rhamnose but not galactose. Moreover, mutant EPS was purified by DEAE-cellulose column chromatography followed by Sephacryl S-400 gel filtration essentially in the same way as described previously.
7) The purified EPS showed a larger molecular size (more than 400 kDa) than wild-type CPS (120 kDa) (data not shown). The mutant EPS also showed higher viscosity (18.6 mm 2 s À1 ) than the wild type CPS (2.3 mm 2 s À1 ), which was measured with a CannonFenske type viscometer, at the same concentration of 1 mg/ml. GC-MS analysis of the alditol acetate derivatives showed the exact composition of rhamnose and glucose to be 1 to 1.62-1.72 (Fig. 2) . This is in clear contrast with the wild-type polysaccharide which has shown a GC-MS profile consisting of rhamnose, glucose, and galactose, in that order, in an equimolar ratio of 1:1:1. Colony morphology (A) and growth behavior in static culture (B) of R strain (a), ÁgalE mutant (b), and ÁgalE (pCMGalE) (c). The presence of a plasmid, pCMGalE, in the last strain was confirmed by extraction followed by agarose gel electrophoresis (data not shown). These strains were inoculated in 5 ml of potato liquid medium and then cultivated under static conditions for 3 d. Each strain was cultivated in a potato liquid medium (5 ml) by shaking for 24 h at 30 C, as described previously. 1) The cells were then harvested, washed, and resuspended in distilled water. The sugar and protein contents of the intact cells were determined by the phenol-sulfuric acid method 9) and a modified Lowry method 10) respectively. The culture media were dialyzed against distilled water for 2 d before analysis. a The sugar content is shown as a standard deviation with 3 assays. b The sugar content of original potato medium was 15:2 AE 0:55(3) mmol/5 ml culture after dialysis.
In this study, we identified a gene encoding UDPgalactose 4-epimerase, galE, from A. tropicalis SKU1100. We also found that the ÁgalE mutant lacked CPS production and thus did not form a pellicle under the static condition, which is reasonable, because GalE appears to be involved in the synthesis of one of the precursors for the polysaccharide. But, contrary to our expectation that the mutation leads to a complete loss of polysaccharide as observed in the polB mutation, 1) the ÁgalE mutant produced another type of polysaccharide, a secreted polysaccharide having a different size, a different viscosity, and a different sugar composition of only glucose and rhamnose into the culture medium. The production of such a mutant polysaccharide is likely to be due to the absence of one of the precursors, UDPgalactose, and the resulting abnormal polysaccharide did not attach to the cell surface, and thus secreted into the environment as EPS.
Although the complete structure of the ÁgalE polysaccharide could not be examined in this study, methylation analysis with the partially methylated aditol acetates of the polysaccharide suggested that CPS and EPS shared the same residues with methylated rhamnitol (-2,3)-Rhap-(1-), trimethylated glucitol (-2)-Glup-(1-), and tetramethylated glucitol (Glup-(1-), while the mutant EPS had a trimethylated rhamnitol (Rhap-(1-) and a trimethylated glucitol (-6)-Glup-(1-) instead of two different galacitol derivatives (Galp-(1-and -6)-Galp-(1-) present in the wild CPS (Moonmangmee et al., unpublished) .
Thus, together with the finding of a complete loss of polysaccharide production in the ÁpolB strain where rhamnose precursor is not produced, 1) these data suggest that CPS of A. tropicalis has galactose and glucose in the branches and rhamnose in the main chain, and thus a defect in the precursor involved in the synthesis of branches may lead to production of polysaccharide with a modified structure, while that in the main chain may lead to a complete loss of polysaccharide. Thus the results obtained in this study also suggest that glycosyltransferases involved in CPS production synthesize the repeating units by using improper sugar precursors, and thus produce some unusual polysaccharides, which do not attach to the cell membranes. The reason or mechanism of this failure to attach to the membranes should be clarified later. A, TLC profiles of the acid-hydrolysis products of polysaccharides from A. tropicalis SKU1100 intact cells of R strain (lane 2) and of ÁgalE (pCMGalE) strain (lane 4), and precipitated polysaccharide of the ÁgalE mutant (lane 3). Lane 1 shows mixed authentic galactose, glucose, and rhamnose in an equimolar ratio. Each sample was hydrolyzed with 2 N TFA and developed on a silica gel 60/ aluminium plate (Merk, Darmstadt, Germany) with a solvent system of n-propyl alcohol/distilled water (85:15, v/v). Sugar spots were then detected with 5% sulfuric acid in ethanol. B, Gas chromatograms of the alditol acetate derivatives from purified polysaccharide from the ÁgalE strain. The purified polysaccharide (1 mg) was converted to alditol acetate derivative, as described previously, 7, 8) and dissolved in chloroform. Then the sample (1 mg) was analyzed by GC-MS, as described previously.
8) The authentic sugars were used as a standard (data not shown).
